The biotopes occupied by pedunculate oak ( Quercus robur L.) and rebollo oak ( Quercus pyrenaica Willd.) in Galicia were characterized using different parameters, enabling a comparative analysis of its habitats. Thirty-nine plots of pedunculate oak and 40 of rebollo oak were inventoried and 25 ecological parameters (physiographic, climatic and edaphic) were measured to describe the biotopes, along with 14 stand parameters to characterize the structure and the silviculture of these forests; some of them were used in previous works about the autecology of both species. Quercus robur was found to occupy a wider range of ecological habitats and their distribution is oceanic; Q. pyrenaica presents a more Mediterranean phytoclimatic position. The results indicated that the distribution of oak forests in Galicia is more closely related to physiographic and climatic features than to edaphic, because the nature of the substrates that they occupy is similar. Analysis of fragility/aggressiveness between both species and chestnut shows that the aggressiveness of both oaks, mainly pedunculate, was much higher, except at high altitudes, and in areas with a high mean temperature, where rebollo is more aggressiveness. Comparison of the two Quercus shows for most of the parameters that Q. robur is the more aggressive species.
Introduction
In Galicia, natural oak stands are mainly composed of two species, Quercus robur (pedunculate oak) and Quercus pyrenaica (rebollo oak); these species come into contact with each other throughout a wide ecotone , and hybridize easily giving rise to Quercus × andegavensis Hy ( Ceballos and Ruiz de la Torre, 1979 ; Amaral, 1990 ) . Pure stands of Q. robur occupy a surface area of 187 789 ha, almost 14 per cent of the total surface area occupied by forest species in Galicia, and stands of Q. pyrenaica cover 100 504 ha, ~ 8 per cent of the total surface area ( DGCONA, 2001 ) .
Although extensive, many of these forests are at present very degraded. The forests comprise stands that have either not been subject to any A comparison of the autecology of Quercus robur L. and Q. pyrenaica Wild.: present habitat in Galicia, NW Spain I.J. DÍAZ-MAROTO 1 * , P. VILA-LAMEIRO 1 , E. GUCHU 2 and M.C. DÍAZ-MAROTO 2 silvicultural treatment or, in many cases, subjected to inappropriate management, such as thinning or felling of the best specimens ( Barrio et al. , 2000 ; Díaz-Maroto et al. , 2005 ) . Factors such as severe harvesting, overgrazing, destruction of forest for use as pasture or agricultural land, forest fi res and abandonment of traditional management for fi rewood and charcoal have led to the present situation of oak forests in Galicia ( Izco, 1987 ; Grandas et al. , 1997 ) . The best stands are located in inaccessible areas, so that both their natural development and growth following fi res have in many cases led to abandoned young stands with a high density of trees that are stagnating and show loss of vigour because of the strong competition existing within the stands ( Debussche et al. , 2001 ; Cañellas et al. , 2004 ; Montes et al. , 2004 ) .
The status of these stands has changed recently and there is now a high social demand for their conservation and recovery ( Carvalho, 2005 ; Díaz-Maroto et al. , 2005 ) . As outlined in Council Directive 92/43/EC, these forests comprise a habitat of interest to the community and should be conserved, therefore a better understanding of their ecological requirements is needed ( Lawesson and Wind, 2002 ) . Detailed characterization of the habitats ( Collins and Carson, 2004 ) is therefore required, determining the potential of the forests and analysing possibilities for their expansion. For all of the above reasons, the present study was carried out to compare the ecosystems of Q. robur and Q. pyrenaica in Galicia, by measuring various ecological parameters and relating these to stand parameters in order to characterize the structure and silvicultural treatments of these forests ( Lévy et al. , 1992 ; Rubio et al. , 1997 ; Aussenac, 2000 ; Blanco et al. , 2000 ) . In previous works, the autecology of both species was studied using several parameters also applied in the present comparative analysis ( Díaz-Maroto et al. , 2005 .
Materials and methods

Study area
The study area is the Autonomous Community of Galicia, which is situated in the north-west of the Iberian Peninsula ( Figure 1 ) and covers an area of ~ 3 million ha. The mean altitude in the region is 508 m and slopes of more than 20 per cent occur in half of the region ( Díaz-Maroto et al. , 2005 ) . The lithological composition of the substrate is rich and includes granite, schist, slates and quartzite; the climate is very varied, although generally classifi ed as Humid Oceanic, with a certain Mediterranean infl uence in some zones. Annual precipitation varies between 600 mm to more than 3000 mm ( Carballeira et al. , 1983 ) .
Description of sampling, data recording and parameters measured
Initial stratifi cation of the study area was not advisable because of the wide dispersal and heterogeneity of the oak stands throughout the area ( Daget and Godron, 1982 ; Rubio et al. , 1997 ; Blanco et al. , 2000 ) ; therefore, we considered the study area as a single unit when selecting the areas for sampling and posterior data recording. The area was fi rstly delimited, avoiding certain areas where the presence of Q. robur and Q. pyrenaica was unlikely because the forest site characteristics (physiographic, climatic and edaphic) are not appropriate for these species ( Mesón, 1983 ; Allué, 1991 ; Timbal and Aussenac, 1996 ) . The sampling zones were then selected, taking care to include a suffi ciently representative number of oak stands, on the basis of the data included in the Mapa Forestal de España ( Ruiz de la Torre, 1991 ) .
Inventory plots that would present problems associated with edge effects ( Hummel et al. , 1959 ) were not included and a minimum surface area of between 0.5 and 1 ha was required in the stands to be assessed ( Grandas et al. , 1997 ; Barrio et al. , 2000 ) . Once the stands were selected, a network of rectangular sampling plots was established, with variable dimensions that depended on the tree density, so that at least 50 trees of 5 cm minimum diameter were assessed ( Hummel et al. , 1959 ) ; in total, 39 Q. robur plots and 40 Q. pyrenaica plots were selected ( Table 1 ) . Once the plots were established, physiographic, dendrometric and edaphic profi le data were recorded. The climatic data were obtained from the network of stations of the National Meteorological Institute during 1960 -2000, and they were interpolated to the sampling points according to the methodology of Carballeira et al. (1983) . All these data along with the results of the edaphological analysis were used to elaborate a Figure 1 . Distribution of sampling plots in the study area (Galicia, NW Spain).
set of parameters, in each plot, that best describe the forest site and the present management status ( Rubio et al. , 1997 ; Lebourgeois et al. , 2004 ; Bravo-Oviedo and Montero, 2005 ) .
A total of 39 parameters were measured: 25 ecological (4 physiographic, 5 climatic and 16 edaphic) and 14 stand parameters, see Table 2 . In previous works on the autecology of both species, considered individually, 28 ecological and 14 stands parameters for Q. robur were established ( Díaz-Maroto et al. , 2005 ) , and 33 ecological and 14 stands parameters for Q. pyrenaica . Logically, therefore, many of the parameters that are used in this work agree with the used ones previously.
The physiographic parameters used to describe the orography of each of the zones studied were altitude and mean slope, soil depth to parent material and closest distance from the sea ( Rubio et al. , 1997 ; Díaz-Maroto et al. , 2005 ). The climate was described by the following parameters: total annual and summer precipitation, annual mean temperature and annual mean of absolute maximum and minimum temperature ( Carballeira et al. , 1983 ; Carballeira, 1990 , 1991 ) . Within the ecological parameters, 16 edaphic parameters were also considered for evaluating the chemical properties and the soil fertility ( Gallardo et al. , 1995 ; Covelo and Gallardo, 2002 ; Marcos and Lancho, 2002 ; Bravo-Oviedo and Montero, 2005 ) , including pH (H 2 O), organic matter, total nitrogen, carbon/nitrogen ratio (C/N ratio), available phosphorus and exchangeable potassium, calcium and magnesium. We considered both the total value for the entire edaphic profi le, calculating the weighted mean for the whole profi le by the method of Russell and Moore (1968) , as well as the surface value, using the data for the upper 20 cm, except where this corresponded to more than one horizon, when a weighted mean was calculated. Finally, to evaluate the structure and the silviculture of these forests, the following stand parameters were calculated: number of trees and basal area per hectare, mean arithmetic and quadratic diameters, dominant diameter (mean diameter of 100 thickest d.b.h. ( Assmann, 1970 ) , standard deviation and coeffi cient of variation of the diameter and height distributions, Hart's index (HAI) (which estimates the distribution of trees in relation to dominant height trees) and Czarnowski's index (trees number in a squared plot of side equal to the arithmetic mean height) ( Rondeux, 1993 ; Timbal and Aussenac, 1996 ; Claessens et al. , 1999 ) .
Statistical analysis
Measurement of the set of parameters allowed establishment of a database of information on the biotopes and the silvicultural characteristics of Q. robur and Q. pyrenaica stands in Galicia.
The application of univariate analysis ( Walpole et al. , 1999 ) allowed calculation of a series of characteristic values for the habitats of both species ( Blanco et al. , 2000 ) : lower limit: parameter minimum value, lower threshold (LT): 10th percentile, mean (M), upper threshold (UT): 90th percentile and upper limit (UL): maximum value. Based on these values, the central or optimal habitat of the Galician oak forests, in relation to a parameter, can be defi ned as the interval between the UT and LT. This interval is composed of 80 per cent of the sampled stands, excluding the intervals where the parameter showed the highest and the lowest values that represent the marginal habitats ( Díaz-Maroto et al. , 2005 . Some parameters will have greater signifi cance than others in describing the oaks ' distribution ( Hix, 1988 ; Gaines and Denny, 1993 ; ter Braak, 1994 ) . To identify the most important parameters, discriminant analysis of the plots was carried out, following the methodology proposed by Hill (1979) and using the TWINSPAN program ( Pisces Conservation LTD, 2004 ) .
To explain which of these parameters best characterize the silvicultural treatments and present situation of Galician oak forests, as well as to study the possible relationship with the biotope, two types of bivariate analysis were carried out. The fi rst compared the stand parameters with the rest, and the second compared the stand parameters with the environmental descriptors obtained by discriminant analysis ( Fernández-Aláez et al. , 2005 ) , which allowed principal components analysis (PCA) to be applied ( SAS Institute Inc., 2004 ). This in turn allowed us to identify how the most closely related stand and ecological parameters explain the variability in the Q. robur and Q. pyrenaica forests in Galicia ( Lévy et al. , 1992 ; Timbal and Aussenac, 1996 ; Collins and Carson, 2004 ) . On the basis of the results, the silvicultural status of the stands was modelled using stepwise multivariate linear regression analysis ( Ryan, 1997 ; SAS Institute Inc., 2004 ) .
Finally, using the method proposed by Gandullo and Sánchez (1994) , we compared the fragility/aggressiveness of pedunculate and rebollo oak in relation to Castanea sativa Mill., from data provided by Blanco et al. (2000) , as chestnut represents a species that occupies similar environments within the study area. According to this methodology, the percentage overlap between the central habitats of two species A and B, measured relative to the central habitat of A, 
Results
From the data obtained in the stand inventories and, later, from the parameters calculated, we obtained the information necessary to characterize the habitats of Q. robur and Q. pyrenaica on a regional scale in Galicia. The univariate descriptive statistics of the ecological parameters are shown in Table 3 , and the physiographic, climatic and edaphic habitats are represented in Figures 2 and 3 , respectively. The results obtained in the present study by data discriminant analysis corresponding to the plots showed that the parameters of greatest value in describing the habitats of the species under study were, for Q. robur , either physiographic (ALT, SLP, DPTH and DS) or climatic (AP, MT, AMT and AmT), with the other parameters having no effect, and for Q. pyrenaica , also physiographic (ALT, DPTH and DS) and climatic parameters (SP and AMT), in addition to a single edaphic parameter (P).
As regards the silvicultural characteristics, the statistics for the 14 stand parameters are shown in Table 4 , providing measure of the heterogeneity existing among the oaks. The stand parameters that were most closely related to each other, in the bivariate correlation analysis, were for Q. robur stands: AMD, QMD, AMH, QMH and ADH and for Q. pyrenaica : SDD, SDH, HAI, DD, NT, AMD, QMD and ADH. These parameters are therefore the most suitable for comparison with the biotope descriptors.
In an attempt to reduce the number of parameters that were statistically signifi cant and to explain the possible variability in the oak stands, PCA was applied. The results obtained for the Kaiser -Meyer -Olkin coeffi cient, i.e. values of ~ 0.7, confi rm the validity of this method, with more than 80 per cent of the total variance explained, for both pedunculate and rebollo oak. Using this data, it was then possible to model the status of the stands using multivariate regression analysis, selecting as the dependent variable for each species, the fi rst resultant vector from the analysis and as independent variables, the ecological parameters that most closely correlated with each other. Thus, for Q. robur , it was possible to explain up to 72 per cent of the variability with the following model: with a value of α = 0.9 per cent, also normally distributed residuals, and a very low error of prediction.
The results of the comparative analysis of pedunculate oak, rebollo oak and chestnut relative to their central habitats are summarized in Table 5 . It was only possible to use 10 parameters common to the three species calculated in the individual studies for them. The fragility and aggressiveness between Q. robur and Q. pyrenaica and with C. sativa are shown in Table 6 .
Discussion and conclusions
Univariate analysis of the ecological parameters
The pedunculate and rebollo oak stands were most variable in terms of physiographic and climatic parameters, with coeffi cients of variation near or higher than 70 per cent for parameters SLP and AmT; the rest of parameters presents coeffi cients of variation <70 per cent ( Table 3 ). In the case of the slope, the data indicate that at present many oak stands in Galicia are located in steeply sloping areas, where they have remained because of the diffi culty of harvesting ( Izco, 1987 ; Ruiz de la Torre, 1991 ) . The depth of soil detected in the rebollo oak stands is very variable because although most stands are established on deep soils, the species can also grow in zones with shallow soil that have suffered repeated fi re damage , because it has an adaptable root system ( Ceballos and Ruiz de la Torre, 1979 ; Carvalho, 2005 ) . The high coeffi cient of variation for the annual mean of the absolute minimum temperatures parameter (AmT) was particularly noteworthy, in contrast to the other climatic parameters ( Table 3 ) . This pattern is due to the high thermal range, accentuated by the variation in altitude within the study area ( Carballeira et al. , 1983 ; Retuerto and Carballeira, 1991 ) .
Analysis of the edaphic parameters shows above all, that many are highly variable, in both Q. robur and Q. pyrenaica stands ( Table  3 ) . This, however, is not unexpected given the wide range of lithological substrates on which these forests are established, mainly of silicaceous nature, which gives rise to acid soils ( Covelo and Gallardo, 2002 ; Zas and Alonso, 2002 ) .
Comparison between physiographic and climatic habitat of Q. robur and Q. pyrenaica
As regards the physiographic and climatic central habitat ( Figure 2 ) , most of the pedunculate oak stands are located in steeply sloping areas and in stream beds, as a result of anthropogenic pressure ( Izco, 1987 ) , generally occupying zones of intermediate altitude and variable orientation, but with a preference for shaded zones. However, the rebollo oak occupies sunny positions, particularly towards the north of the study area, preferring shade in southern areas, due to the greater Mediterranean infl uence ( Table 1 ) .
Loose, deep soils are particularly suitable for the development of Q. robur , given the root system type, with a strong principal root that penetrates to a great depth ( Ceballos and Ruiz de la Torre, 1979 ; Amaral, 1990 ; Timbal and Aussenac, 1996 ) , thereby explaining the depth of soils observed ( Table 3 ) . Rebollo oaks also often grow in deep soils, although sometimes, as already commented, they grow in shallow soils or sloping areas, where repeated fi res have led to soil loss Carvalho, 2005 ) . For the parameter closest distance from the sea, the central habitat of pedunculate oak stands is comprised between 12 and 79 km and that of the rebollo oak between 62 and 132 km ( Figure  2 ) , which is consistent with the potential vegetation distribution in Galicia ( Izco, 1987 ) and illustrates the more Mediterranean-type character of Q. pyrenaica ( Allué, 1991 ; . This potential distribution is relevant in this analysis, because there are many areas where oak forests were felled, and these can be considered as ' oak expansion areas ' ( Fernández-Aláez et al. , 2005 ) .
The central habitat of Q. robur stands in terms of climatic parameters is characterized by annual precipitation ranges between 850 and 1700 mm and summer precipitation ranging between 100 and 200 mm, approximately ( Figure 2 ) , with high requirements in environmental humidity ( Díaz-Maroto et al. , 2005 ) . In the Q. pyrenaica stands, the annual precipitation oscillates between 800 and 1400 mm, with levels of summer precipitation between 55 and 160 mm, approximately; this species has less stringent needs for environmental humidity, with summer droughts sometimes even occurring in the rebollo oak stands in areas of greater Mediterranean infl uence . In both cases, the range of values of the thermal parameters is generally narrow ( Carballeira et al. , 1983 ; Retuerto and Carballeira, 1991 ) .
Within the marginal physiographic and climatic habitat ( Figure 2 ) , oak stands occur in areas far out with their potential area of distribution according to several authors as Izco (1987) . In these cases, hybrid specimens of Quercus × andegavensis occur, and even hybrids with other species of Quercus , such as Quercus petraea (Matts.) Liebl., may also occur, particularly in mountainous areas ( Ceballos and Ruiz de la Torre, 1979 ; Amaral, 1990 ) . Pedunculate oak stands also appear in areas where levels of precipitation are low in the summer, a factor that does not favour its growth ( Amaral, 1990 ; Timbal and Aussenac, 1996 ) , but is compensated by frequent seasons of mist and fog. Likewise, some rebollo oak stands occur in areas with very low levels of summer precipitation and an AMT >25°C, which further accentuates the more southern (Mediterranean) phytoclimatic position of Q. pyrenaica ( Allué, 1991 ) .
Comparison between edaphic habitat of Q. robur and Q. pyrenaica
Some edaphic variables are not suitable, in the case of Galician oak stands, for fi xing the UL of the central habitat, given the wide range of the upper marginal intervals ( Blanco et al. , 2000 ; Díaz-Maroto et al. , 2005 . Our study found this to be the case for the parameters Ca and SCa, in both Q. robur and Q. pyrenaica stands and the parameters total and surface phosphorus in the rebollo oak stands ( Figure 3 ) .
The predominant texture of soils under pedunculate oak is sandy, with a low presence of loamy and clayey soils; the predominant texture of soils under rebollo oak is loamy, mainly sandy loam ( Table 1 ). The soils under pedunculate oak are mainly Dystric Cambisols and those under rebollo oak, Umbric Regosols ( FAO, 1999 ), with percentages higher than 50 in both cases ( Table  1 ) , dominated by acid soils of silicaceous nature . The organic matter contents of surface layers and of the whole profi le were generally similar ( Table 3 ). The percentage of OM was higher than 20 in the upper 20 cm of the soil profi le in a few pedunculate oak stands and ~ 15 per cent in rebollo stands, which along with the granulometric composition, gives rise to very permeable soils with a low cementation capacity ( Gallardo et al. , 1995 ; Zas and Alonso, 2002 ) .
Within the central edaphic habitat of Q. robur , the C/N ratio ranged between 9.0 and 19.5, for the whole soil profi le, being slightly higher in the surface layers, ranging between 12.6 and 23.8 ( Figure 3 ). Despite this, and because of the low pH values, conditions are not optimal for humification and thus the humus is of mull-moder type ( Covelo and Gallardo, 2002 ; Díaz-Maroto et al. , 2005 ) . In the case of Q. pyrenica , the C/N ratio followed a similar pattern to that of OM in terms of the low variation between the total and surface values, with a mean value of ~ 18 ( Table 3 ) , but again because of the low values of pH, conditions are not optimal for humifi cation, resulting in generally moder type humus ( Gallardo et al. , 1995 ; .
The soils ' fertility under pedunculate oak, expressed in terms of content of macronutrients, was relatively low or intermediate, except for phosphorus, with concentrations notably higher than those reported in other studies ( Covelo and Gallardo, 2002 ; Zas and Alonso, 2002 ) , probably because some of the stands sampled were located in areas previously used to farmland ( Díaz-Maroto et al. , 2005 ) . In contrast, in soils under rebollo oak, the concentrations of phosphorus were lower ( Table 3 ) than Q. robur soils, and similar to the concentrations reported by other authors for these types of forests ( Gallardo et al. , 1995 ; Regina, 2000 ; Marcos and Lancho, 2002 ) , which may indicate that the zones currently occupied by rebollo oak have not undergone any change in land use ( Grandas et al. , 1997 ; Carvalho, 2005 ) . The concentrations of the other macronutrients, except nitrogen ( Table 3 ) , were higher than in soils under Q. robur , and similar to those reported by Regina (2000) and Marcos and Lancho (2002) .
Silvicultural characteristics of penduculate and rebollo oak forests
The age and site quality of the oak stands under study were very varied, as a result of their different uses ( Díaz-Maroto et al. , 2005 ) . More specifically, in the pedunculate oak stands, there was high variability in the parameters NT, BA and CZI, with a coeffi cient of variation higher than 50 per cent ( Table 4 ) ; in the other parameters related to normal diameter (AMD, QMD, SDD, CVD and DD) and especially to the total height (AMH, QMH, SDH, CVH, ADH and HAI), the variability was lower ( Lévy et al. , 1992 ; Díaz-Maroto et al. , 2005 ) . In rebollo oak stands, the parameters NT and HAI were the most variable, with coeffi cients of variation higher than 67 and 89 per cent, respectively ( Table 4 ). The high density of trees (mean value >1700 trees·ha − 1 ) indicates the presence of young and abandoned stands, arising after clear cutting, without any stem selection ( Grandas et al. , 1997 ; Barrio et al. , 2000 ) ; the values of HAI are consistent with the density data ( Carvalho and Parresol, 2005 ) and the variability associated with the remaining parameters, especially those related to the height variable, was lower . The dominant type of oak stand in Galicia is coppice forest ( Ceballos and Ruiz de la Torre, 1979 ; Grandas et al. , 1997 ) ; however, coppicing produces highly artifi cial stands, which require continuous attention otherwise they will age and stagnate, become degraded and may fi nally disappear ( Carvalho, 2005 ) . The present situation in such forests raises the problem of both their silvicultural and economic conversion. From the point of view of silviculture, their situation is characterized according to Grandas et al. (1997) and Barrio et al. (2000) by (1) slowing down of growth, with top die back in rebollo oak stands; (2) low rates of fructifi cation and unfavourable conditions for development of seedlings and (3) risk of wilting due to ageing of the stock; in addition, the rebollo stands show (4) over stocking with trees of small diameter, some dead and heliophilous scrub, associated with a high risk of fi re. Economically viable alternatives must also be found, e.g. (1) conversion to high forest; (2) maintenance of coppice forest in stands of a certain quality and homogeneity, which can be harvested for fi rewood; (3) improvement of silvipasture in zones that are important for grazing animals and (4) restoration of very degraded stands by reforestation with other broadleaf or conifer species ( Truscott et al. , 2004 ) .
Relationship between stand parameters and biotope
From the set of stand parameters selected by bivariate analysis to describe the use and present status of the oak stands, the dominant height (ADH) must be eliminated, as well HAI, which depends on the former ( Rondeux, 1993 ) . This is because dominant height is affected by certain unsuitable silvicultural treatments to which the stands have been subjected, such as pollarding and felling of trees to provide fi rewood and food for livestock ( Carvalho, 2005 ) . The standard deviations of the diameter distribution (SDD) and of height (SDH) are not suitable parameters for defi ning the present situation of Q. pyrenaica stands in Galicia, since the bivariate analysis shows that these parameters are very little related to the biotope characteristics . Therefore, only four stand parameters remained for both in pedunculate (AMD, QMD, AMH and QMH) and in rebollo oak stands (DD, NT, AMD and QMD).
In the case of Q. robur , all of these are closely related to the following biotope descriptors ( Díaz-Maroto et al. , 2005 ) : mean altitude (ALT), soil depth to the parent rock (DPTH), mean annual temperature (MT) and annual mean of absolute minimum temperatures (AmT), even, as with AMD and QMD, at a level of signifi cance of 99 per cent. For Q. pyrenaica , the four parameters (DD, NT, AMD and QMD) are related to altitude, at a level of signifi cance of 99 per cent, and to summer precipitation at a level of signifi cance of 95 per cent . All of these parameters are therefore suitable for correctly defi ning the characteristics of oak stands in Galicia ( Timbal and Aussenac, 1996 ; Rubio et al. , 1997 ; Blanco et al. , 2000 ) , and it can be concluded that the distribution of the stands are more closely related to the physiographic and climatic characteristics than to edaphic factors probably because the substrates ' character on which the stands develop is similar ( Díaz-Maroto et al. , 2005 .
The results of the PCA showed that the highest possible variability can be explained, in both pedunculate and rebollo oak stands, with four new vectors ( SAS Institute Inc., 2004 ) ; the fi rst of these is a vector about stand structure, formed by diametric components (AMD, QMD, DD), height components (AMH, QMH, ADH) and NT. The second vector can be defi ned for Q. pyrenaica as ' continentality ' ( Carvalho, 2005 ; , because of the importance of the parameter distance from the sea, whereas in Q. robur , the opposite is true, as the distance from the sea and altitude have the same weighting, but in both cases with a negative sign, which may be interpreted as ' oceanicity ' ( Díaz-Maroto et al. , 2005 ) . In the last two vectors, the climatic parameters, especially precipitation, and DPTH were particularly important in both species.
The statistical relationships between stand and ecological parameters revealed by multivariate regression analysis showed that, although it is possible to establish close correlations with climatic factors, it is the physiographic parameters, particularly slope (SLP), distance from the sea (DS) and depth of soil (DPTH), that best defi ne the present status of these forests ( Díaz-Maroto et al. , 2005 .
Comparative analysis with habitat of C. sativa
The comparative analysis of the central habitats ( Table 5 ) showed that in Galicia, C. sativa occupies a much narrower range of habitats than Q. robur ; this latter can occupy the habitats typical of chestnut, but the chestnut cannot colonize the habitats typical of both oaks ( Blanco et al. , 2000 ; Díaz-Maroto et al. , 2005 ) . In contrast, although Q. pyrenaica is a fairly aggressive species, the majority of upper threshold values for the physiographic and climatic parameters are the lowest of the three species ( Table 5 ) , which indicates lower adaptation to sites with less Mediterranean infl uence ( Allué, 1991 ; Carvalho, 2005 ; .
The analysis of fragility/aggressiveness ( Table  6 ) revealed that the aggressiveness of both species of oak, particularly Q. robur , compared with that of the chestnut was much higher than fragility. The greater aggressiveness of oak generally refl ects a wider ecological range ( Timbal and Aussenac, 1996 ; Díaz-Maroto et al. , 2005 ) , except in parameters ALT and MT ( Table 6 ) , which cause Q. robur to be substituted by other broadleaf species ( Q. petraea , Betula alba L.), or by conifers ( Pinus sylvestris L.) at high altitudes ( Ceballos and Ruiz de la Torre, 1979 ; Izco, 1987 ; Lévy et al. , 1992 ) and by Q. pyrenaica in warmer zones ( Mesón, 1983 ; Allué, 1991 ; Carvalho, 2005 ) . Castanea sativa was only more aggressive in terms of parameter pH, and then only compared with Q. pyrenaica , because it is found in more acid soils ( Blanco et al. , 2000 ) , although not as much as the pedunculate oak.
Comparison of the two species of Quercus shows for most of the parameters studied, except ALT, MT and SC/N, that Q. robur is the more aggressive species ( Table 6 ) . 
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